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Acupuncture meridians consist of a network of acupuncture points on the skin, stimula-
tion of which is well established to have a variety of physiological effects. We have pre-
viously demonstrated that epidermal keratinocytes contain multiple sensory systems for
temperature, mechanical stimuli, electric potentials and other stimuli. These sensory
systems generate changes in the calcium-ion concentration in the epidermis, so
epidermal keratinocytes can generate spatially-localized electro-physiological patterns
in the skin. We have previously demonstrated signaling between epidermal keratinocytes
and peripheral nerve systems. Therefore, stimuli sensed by epidermal keratinocytes
might be transferred to the unmyelinated nerve fibers that are known to exist in the
epidermis and, thence, to the spinal cord and brain. We propose that epidermal kerati-
nocytes form an information-gathering network in the skin and that this network plays
a key role in whole-body homeostasis in response to the changing environment. We also
hypothesize that this network corresponds to the acupuncture meridians. As supporting
examples, we present some striking calcium propagation patterns observed in cultured
human keratinocytes after adenosine-triphosphate (ATP) stimulation. These results sup-
port the ideas that keratinocytes can generate spatially-restricted signaling patterns af-
ter environmental stimulation and that the cultures might be in-vitromodels of meridians
as an information-gathering network in skin.search Center, 2-12-1, Fukuura, Kanazawa-ku, Yokohama 236-8643, Japan.
do.co.jp (M. Denda).
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Keratinocytes construct meridians 93Acupuncture meridians consist of a network of acupuncture
points on the skin, stimulation of which is well established
to have a variety of physiological effects [1,2]. Previously,
we demonstrated that epidermal keratinocytes contain
multiple sensory systems for temperature, mechanical
stimuli, electric potentials, and other stimuli and that
these sensory systems generated changes in calcium-ion
concentration in the epidermis [3]. Thus, epidermal kera-
tinocytes could generate spatially localized electrophysio-
logical patterns in the skin. We have also previously
demonstrated the existence of signaling between
epidermal keratinocytes and peripheral nerve systems [4].
Therefore, the stimuli sensed by epidermal keratinocytes
might be transferred to the unmyelinated nerve fibers that
are known to exist in the epidermis and, thence, to the
spinal cord and brain.
Sensors of mechanical stimuli and temperature, such as
transient receptor potential channels (e.g., TPPV1, V2, V3,
V4, M8, and A1) are expressed in epidermal keratinocytes
[5e10]. A voltage-gated calcium channel is also expressed
in keratinocytes [11]. Thus, stimulations with acupuncture
needles, heat, and electroacupuncture can be sensed by
keratinocytes, and therefore we hypothesize that the
epidermis might be the site of acupoints and meridians. In
addition, purinergic receptors are expressed in keratino-
cytes [12], and adenosine triphosphate (ATP) is released
from keratinocytes in response to mechanical stimulation
[13]. Thus, both purinergic receptors and ATP might be
involved in signaling systems in the epidermis. Based on
this, we hypothesize that epidermal keratinocytes form an
information-gathering network in the skin, which plays a
key role in whole-body homeostasis in response to the
changing environment, and that this network corresponds
to the acupuncture meridians. As supporting examples, we
present some striking calcium propagation patterns
observed in cultured human keratinocytes after ATP stim-
ulation. These results support the idea that keratinocytes
can generate spatially restricted signaling patterns after
environmental stimulation, and the cultures might be
in vitro models of meridians as an information-gathering
network in skin.
To test our hypotheses, we observed intracellular cal-
cium propagation in cultured human keratinocytes after
ATP stimulation. The measurements of intracellularFigure 1 “Back-and-forth” calcium wave. (A) Image of cells. (B) C
(C) The wave gradually disappears. (D) A new calcium wave goe
gradually disappears. Bar Z 40 mm.calcium concentrations using fura-2-acetoxymethyl (Fig. 1)
or fluo-4-acetoxymethyl (Fig. 2) (Molecular Probes Inc.,
Eugene, OR, USA) have been described previously [14]. As
supporting examples, we present some striking calcium
propagation patterns observed in cultured human kerati-
nocytes after ATP stimulation.
“Back-and-forth” calcium waves are shown in Fig. 1.
After ATP stimulation, a calcium wave goes from lower left
to upper right (Fig. 1B, yellow arrow) and then gradually
disappears (Fig. 1C), after which another calcium wave
goes from upper right to lower left (Fig. 1D, white arrow)
and then gradually disappears (Fig. 1E). “Stopping-and-
rotating” calcium waves are shown in Fig. 2. After ATP
stimulation, the calcium wave goes from the bottom up-
ward (Fig. 2A). The wave halts for approximately 20 sec-
onds; then, the first wave gradually disappears (Fig. 2B).
Approximately 40 seconds after ATP stimulation, another
wave appears from the right side (Fig. 2C) and rotates in a
counterclockwise direction (Fig. 2D). These results support
the idea that keratinocytes can generate spatially
restricted signaling patterns after environmental stimula-
tion, and the cultures might be in vitro models of meridians
as an information-gathering network in skin.
Communication between keratinocytes is restricted by
gap junctions [9]. When individual keratinocytes are
stimulated by external stress, the resulting calcium prop-
agation is likely to be spatially restricted, as seen in the
figures, which represents experimental evidence supporting
the idea that epidermal keratinocytes can generate
spatially restricted signaling patterns after environmental
stimulation.
Unmyelinated nerve fibers exist in the epidermis [15].
Therefore, calcium propagation in the epidermis could
transmit keratinocyte-detected environmental stimuli to
nerve fibers. This would be consistent with our hypothesis
that meridians in the skin might be constructed by inter-
action between keratinocytes and the peripheral nerve
system. Nerve fibers from visceral organs also reach the
spinal cord. Consequently, signals from acupoints or me-
ridians might influence nerve fibers from visceral organs.
Alternatively, signals from meridians might reach the so-
matosensory association cortex in the brain, leading to the
transfer of other signals, such as hormones or neuropep-
tides, to the body.alcium wave goes from lower left to upper right (yellow arrow).
s from upper right to lower left (white arrow). (E) The wave
Figure 2 “Stopping-and-rotating” calcium wave. (A) The calcium wave goes from the bottom upward. (B) The wave halts for
approximately 20 seconds. (C) The first wave gradually disappears, after which another wave appears from the right side. (D) The
new wave rotates in a counterclockwise direction. Bar Z 300 mm.
94 M. Denda, M. TsutsumiThe results of this research support the ideas that ker-
atinocytes can generate spatially restricted signaling pat-
terns after environmental stimulation and that the cultures
of the keratinocytes might be in vitro models of meridians
as an information-gathering network in skin. Thus, our re-
sults provide evidence that epidermal keratinocytes form
an information-gathering network in the skin and that this
network plays a key role in whole-body homeostasis in
response to the changing environment and corresponds to
the acupuncture meridians.
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